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Definice chromatinu: Jednotlivé slozky chromatinu, trovné organizace chromatinu,
chromozomalni teritoria a usporddani chromatinu do chromozomalnich teritorii.
Struktura nukleozému: Varianty a typy histonti, formovani nukleozémi, funkce
histonu v bunéénych jadrech.

Epigenetické modifikace histonii: acetylace, metylace, fosforylace a ubikvitinace.
Korelace mezi metylaci histonti a DNA.

Funkce chromatinu: Ve vztahu k replikaci, transkripci, sestfihu a DNA reparaci.
Charakteristika struktury chromatinu béhem zminénych procesi.

Struktura metafdznich chromozému: typy a sub-typy metafdznich chromozoému,
karyotypovanti, klinické aplikace

Definice bunécné diferenciace: Struktura chromatinu u cyklujicich a diferencujicich
se bunck.

Diferenciace embryonalnich kmenovych bunék: Moznosti vyuziti mysich ES
bunék ke studie epigenomu, moznosti vyuziti lidskych ES bunék jako terapeutického
nastroje - diskuse.

. Krvetvorba: hlavni diferenciacni sméry

Metodické pristupy: Fluorescencni in situ hybridizace (FISH technika)

Metodické pristupy: Imunocytochemie

Metodické pristupy: Komparativni genomicka hybridizace

Metodické pristupy: GFP technologie, FRAP technika, Dendra2 (fluorochrom)
fotokonverze

HP1 protein a centromericky heterochromatin: Vyznam z hlediska struktury a funkce
chromatinu

Apoptéza — morfologie, molekuldrné-biologické zmény, hlavni apoptotické drahy,
metodiky studia apoptozy
Struktura a funkce cytoskeletu: hlavni slozky cytoskeletu, proteiny cytoskeletu
Jadernd matrix: Slozky jaderné matrix, kontroverzni pfistupy k existenci jaderné
matrix, vztah jadernd matrix k formovani chromatinu
Laminy a dalSi proteiny jaderné matrix: Typy lamini a jejich funkce.

BAC/PAC knihovny a jejich vyuziti pro FISH techniku - princip FISH techniky
Patofyziologie a cytogenetika nadorovych bunék: Cytogenetické metody
aplikované v klinické cytogenetice. Zakladni cytogenetické zmény u vybranych typt
nadord jako je retinoblastom, nadory tlustého stieva, mnohocetny myelom.
Konfokalni mikroskopie - princip a vyuziti

HP1 proteiny — struktura a funkce
Methylace DNA versus methylace histonu
Epigeneticka modifikace histonii a jejich funkce

. Varianty histonii
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Organizace chromatinu, struktura nukleozémi

Epigenetické modifikace centromer, inaktivace X chromosomu (Xi) a epigenetika
telomer

Utinky HDAC inhibitora
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Otazky:
1. Replikace genomu
2. Struktura bun&ného jadra
3. Regulace exprese gen u eukaryotickych bungk
4. Numerické aberace - cytogenetika
5. Opravy DNA pomoci homologni rekombinace
6. Vznik aberaci u chromosomii - piiklad translokace chromosomt, nadorového

supresoru, protoonkogenu, amplifikace genti
7. Pohyblivost genomu — experimenty na Zivych buiikach, GFP technologie
8. Struktura genomu - chromosomy
9. Strukturalni aberace
10. Regulace exprese u eukaryotnich bungk
11. Faktory ovliviujici chromatin
12. NHEJ reparace DNA
13. Pisobeni UV zafeni na genom
14. Epigeneticka regulace exprese
15. Poskozeni genomu
16. Post-transla¢ni modifikace histont a jejich tiloha
17. Struktura genomu
18. Enhancery a aktivatory
19. Stanoveni zlomi DNA — experimentalni piistupy

Molecular pathophysiology of the genome

1. Definition of chromatin: Chromatin components, levels of chromatin organization,
chromosomal territories and chromatin arrangement into chromosome territories.

2. Structure of nucleosome: Histone variants, nucleosome arrangement, histone
function in the interphase cell nuclei.

3. Epigenetic modification of histones: acetylation, methylation, phosphorylatin and
ubiquitination. Correlations between histone and DNA methylation states.

4. Function of chromatin: chromatin architecture related to the replication,
transcription, splicing and DNA repair.




5. Structure of metaphase chromosomes: types and sub-types of metaphase
chromosomes, karyotyping and clinical applications

6. Definition of the cell differentiation: Chromatin structure of cycling and
differentiated cells.

7. Differentiation of embryonic carcinoma cells: Possibility to use mouse ES cells

(knockout organisms), possibilities to use human ES cells as a therapeutic tool.

Hematopoiesis: Main differentiation pathways.

9. Methodological approaches: Fluorescence in situ hybridization (FISH technique),
immunocytochemistry, Comparative genomic hybridization (CGH), DNA
microarrays, GFP technologies, FRAP technique.

10. Heterochromatin protein 1 (HP1) and centromeric heterochromatin: An
importance of HP1 in relationship to chromatin structure and function.

11. Apoptosis: Morphology, molecular-biological changes, main apoptotic pathways.

12. Structure and function of cytoskeleton: Main parts of cytoskeleton, cytoskeletal
proteins.

13. Nuclear matrix: Components of nuclear matrix, controversial approaches to the
existence of the nuclear matrix. Relationship of nuclear matrix to chromatin
architecture.

14. Lamins and other proteins of nuclear matrix: Types of lamins and their function.

15. MARs, SARs, LBARs regions of nuclear matrix, their function and relationship to
the chromatin structure.

16. BAC/PAC clones and their importance for FISH technique.

17. Tumor cell pathophysiology and cytogenetics: Cytogenetic methods applied in
clinical laboratories. Basic cytogenetic changes in selected tumors such as
retinoblastoma, colorectal carcinoma and multiple myeloma.

18. Confocal microscopy: Application, FLIM-FRET analysis, FRAP analysis

*®

Anotace:

Hlavni cile kurzu Molekularni fyziologie genomu vedou k porozuméni zakladu korelaci mezi
strukturou a funkci chromatinu. Cyklus piednasek je koncipovan tak, aby posluchac¢tim
poskytl fadu novych poznatkli z oblasti biologie chromatinu. Uspofadani chromatinu vyssiho
fadu je probirdno v kontextu stadou fyziologickych d&ji jako je proliferace bunck,
diferenciace a bunéfna smrt apoptéza a patofyziologickych procest, jako je nadorova
transformace bunék. Velkd pozornost je v€novana problematice epigenetickych regulaci
genomu, jako jsou napiiklad methylace a acetylace histoni a methylace DNA. Dalsim cilem
je podrobné vylozit nejnovéjsi postupy a moznosti konfokalni mikroskopie a cytometrie
s vysokym rozliSeni. Studenti maji moznost se seznamit s fadou molekularné biologickych
metod. Na konci tohoto kurzu bude student schopen vysvétlit vyznam struktury chromatinu
pfi regulaci jadernych procesii jako je replikace, transkripce, sestfih a DNA reparace.
Studenti by méli pochopit principy metod jako je naptiklad fluorescencni in situ hybridizace
(FISH), chromatinova imunoprecipitace, komparativni genomova hybridizace (CGH),
imunofluorescence, RT-PCR a dalsi. Informace mohou vyuZit pfedev§im v dalSich kurzech
zabyvajicich se biologii nadord. Cela problematika je vysvétlovana z pohledu zakladniho
vyzkumu a studenti maji moznost se seznamit s nejnovéjSimi poznat a trendy v biologii
chromatinu.



The main aims of lectures from Molecular Physiology of the Genome lead to an
understanding of correlations between structure and function of chromatin. Lectures
offer new knowledge in the field of chromatin biology. The arrangement of higher order
chromatin structure is discussed from the view of physiological events such as cell
proliferation, differentiation, and cell death apoptosis. Moreover, we are interested in
changes in chromatin architecture during a pathophysiological process such as tumor
cell transformation and laminopathies. A part of the chromatin structure course pays
attention to epigenetic regulation of genome. Students are informed about the functional
and structural aspects of histone acetylation, histone methylation, and DNA
methylation. In the next part, of course, we lecture the latest principles and facilities of
confocal microscopy, high-resolution cytometry and/or super resolution techniques.
Students are familiarized with a vast array of molecular-biology methods. At the and of
course the student will be able to explain the importance of chromatin structure during
regulation of replication, transcription, splicing, and DNA reparation. Students would
understand the principles of essential methods such as fluorescence in situ hybridization
(FISH), chromatin immunoprecipitation, comparative genomic hybridization (CGH),
immunofluorescence, RT-PCR, and others. Students gain a lot of knowledge in the field
of tumor cell biology, which could be applied in other courses and their diploma thesis
with a similar area of interest. The chromatin biology is explained from the view of basic
research and students are familiarized with recent trends in this attractive field of
science.

Bunécné jadro, jadérko — kompartmentalizace interfaznich jader
Transkripce, RNA procesy a RNA interference
Struktura chromatinu a transkripce
Struktura chromatinu a buné¢nd diferenciace
Struktura chromatinu a apoptoza
Epigenetické aspekty chromatinu
Cytoskelet, laminy a kontroverzni jaderna matrix
BAC/PAC knihovny a ptiprava DNA sond pro FISH techniku
Konfokalni mikroskopie a relevantni metody
. Struktura chromatinu a epigenetické zmény u nadorovych bunék
. Cytometrie s vysokym rozliSenim - princip a statistické a bioinformatické analyzy
. Microarray technologie
. Reparacni mechanismy DNA. -

WX B LD —

P
W= O



